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,Q UHFHQW WLPHV VXVWDLQDELOLW\ FRQFHUQV LQ DOO IDFHWV RI
KXPDQOLIHKDYHEHFRPHDPDMRULVVXHGXHWRWKHOLPLWHGDQG
RIWHQ GHSOHWLQJ UHVRXUFHV HYHULQFUHDVLQJ JOREDO SRSXODWLRQ
ZLWK UDSLGO\ JURZLQJ VRFLHWDO QHHGV ZLWK SUHYDLOLQJ VRFLDO
DQG HFRQRPLF GLVSDULWLHV DPRQJ FRPPXQLWLHV DQG QDWLRQV
0DQXIDFWXULQJ EHLQJ D PDMRU SLOODU RI GHYHORSPHQW DQG LV
JHQHUDOO\ NQRZQ WR EH WKH HQJLQH IRU ZHDOWK JHQHUDWLRQ
7KHUHIRUH LW LV YHU\ LPSRUWDQW WR IRFXV RQ DFKLHYLQJ
VXVWDLQDELOLW\ LQPDQXIDFWXULQJ0DQXIDFWXULQJ VXVWDLQDELOLW\
PXVW DOVR FRQVLGHU 7ULSOH %RWWRP /LQH ± 7%/ FRQFHUQV >@
HFRQRPLF HQYLURQPHQWDO DQG VRFLHWDO DW WKH WKUHH
LQWHUWZLQHGHOHPHQWVRIPDQXIDFWXULQJSURGXFWVSURFHVVDQG
V\VWHPOHYHOV>@
7KH QHHG IRU DGRSWLQJ VXLWDEOH SURGXFW VXVWDLQDELOLW\
HYDOXDWLRQ PHWKRGV ULVH IURP WKH VRFLHWDO GHPDQG IRU
SUHIHUDEO\ LGHQWLI\LQJ DQG SURPRWLQJ VXVWDLQDEOH SURGXFWV
)RXU PDLQ OLIH F\FOH VWDJHV 3UHPDQXIDFWXUH 0DQXIDFWXUH
8VHDQG3RVWXVHRISURGXFWVPD\KDYHGLIIHUHQWLPSDFWVRQ
WKH RYHUDOO SURGXFW VXVWDLQDELOLW\ 7KHUHIRUH FRPSOHWH
XQGHUVWDQGLQJ RI VXVWDLQDELOLW\ FRQWHQW RI D PDQXIDFWXUHG
SURGXFW FDQ RQO\ EH UHDFKHG WKURXJK D FRPSUHKHQVLYH
DQDO\VLVRIWKHWRWDOOLIHF\FOHRIWKHSURGXFWZKLFKWDNHVDOO
IRXUVWDJHVRISURGXFWLQWRDFFRXQWVLPXOWDQHRXVO\7KXVLWLV
LPSHUDWLYH WKDW DQ\ QHZ HYDOXDWLRQ PHWKRG IRU SURGXFW
VXVWDLQDELOLW\PXVWLQFRUSRUDWHWKHWRWDOOLIHF\FOHYLHZ
:LWK WKH XQLTXH DQG QRYHO FDSDELOLWLHV WKDW DGGLWLYH
PDQXIDFWXULQJ EULQJV LQ WKHUH LV DQ LQFUHDVLQJ IRFXV LQ WKH
LQGXVWU\ WR GHYHORS DQG LQFOXGH PHWDOV DQG FRPSRVLWH
PDWHULDOV LQ $GGLWLYH 0DQXIDFWXULQJ $0 RI WKHLU
IXQFWLRQDOO\ VXSHULRU SURGXFWVFRPSRQHQWV 7KHUH ULVHV WKH
QHHG WR XQGHUVWDQG WKH LPSDFW RI $0 RQ D SURGXFW¶V
VXVWDLQDELOLW\ FRPSDUHG WR &RQYHQWLRQDO 0DQXIDFWXULQJ
&07KH IROORZLQJ VHFWLRQVGLVFXVV WKH LPSDFWRI$0RQ
VXVWDLQDELOLW\YLVLEOH WKURXJKDOO IRXUVWDJHVRISURGXFW¶V OLIH
F\FOHUHLWHUDWLQJWKHQHHGRIWRWDOOLIHF\FOHDQDO\VLV
:KHQFRQVLGHULQJ$0GXULQJGHVLJQRIDSURGXFWLQPRVW
FDVHV RQO\ FHUWDLQ FRPSRQHQWV RI WKH SURGXFW ZLOO EH
DGGLWLYHO\PDQXIDFWXUHG 3UHYLRXV OLWHUDWXUH >@ SUHVHQWV WKH
VHOHFWLRQRIPRVW VXLWDEOHFRPSRQHQWV IRU$0DVRQHRI WKH
NH\ IDFWRUV LQ LPSURYLQJ WKHRYHUDOOSURGXFW¶V VXVWDLQDELOLW\
$OWKRXJK WKHUH LV FRQVLGHUDEOH DPRXQW RI OLWHUDWXUH RQ$0
ZRUNGRQHRQVXVWDLQDELOLW\HYDOXDWLRQRIVXFKSURGXFWVLVVWLOO
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ODFNLQJ $V VXFK WKLV SDSHU SUHVHQWV WKH UHVXOWV RI D
SUHOLPLQDU\VWXG\RQWKLVLPSRUWDQWDVSHFWZLWKDFDVHVWXG\
WR HYDOXDWH WKH VXVWDLQDELOLW\ RI DQ DGGLWLYHO\ PDQXIDFWXUHG
FRPSRQHQW 7KH UHFHQWO\ HVWDEOLVKHG 3URGXFW 6XVWDLQDELOLW\
,QGH[ ProdSI >@ PHWKRG LV XVHG DV LW SURYLGHV D
FRPSUHKHQVLYH IUDPHZRUN WR PHDVXUH WKH LPSDFWV RI DOO
UHOHYDQWPHWULFV RI SURGXFW VXVWDLQDELOLW\GXULQJ DOO IRXU OLIH
F\FOHVWDJHVRIDSURGXFW:KLOHWKHProdSIPHWKRGKDVEHHQ
XVHG LQ LQ WKH SDVW ZRUN ZLWK FDVH VWXGLHV LQYROYLQJ &0
SURGXFWV WKLVSDSHU SUHVHQWV WKH ILUVW DWWHPSWEHLQJPDGH WR
VWXG\ $0 SURGXFWV +HQFH XQLTXH DQG VSHFLILF FRQFHUQV
GLVFXVVHG LQ WKH IROORZLQJ VHFWLRQ PXVW EH QRWHG ZKHQ
GHILQLQJWKHProdSI PHWULFVIRU$0SURGXFWV
8QLTXHVXVWDLQDELOLW\FRQFHUQVLQPDQXIDFWXULQJRI$0
SURGXFWV
:KHQVHOHFWLQJDPDQXIDFWXULQJSURFHVVIRUDSURGXFWWKH
SULPDU\ FRQFHUQV IRU D GHVLJQPDQXIDFWXULQJ HQJLQHHU DUH
SURGXFWLRQ TXDQWLW\ GHVLJQ FRPSOH[LW\ DQG
IXQFWLRQDOPDWHULDOUHTXLUHPHQWVRIWKHSURGXFW$WSUHVHQWDV
)LJVKRZVVXVWDLQDELOLW\FRQWHQWRIWKHSURGXFWKDVEHFRPH
D FRQVHTXHQFH RI WKH GHFLVLRQV WDNHQ GHSHQGLQJ RQ WKHVH
SULPDU\ FRQFHUQV 7R HVWDEOLVK VXVWDLQDELOLW\ DV D PDMRU
GHVLJQFRQFHUQWKHLPSDFWVRILQGLYLGXDOGHVLJQGHFLVLRQVRQ
WRWDO OLIH F\FOH VXVWDLQDELOLW\ PXVW EH FRQVLGHUHG XSIURQW
GXULQJHDUO\GHVLJQVWDJH


)LJ3URGXFWVXVWDLQDELOLW\LPSDFWVRIPDMRUSURGXFWGHVLJQGHFLVLRQV
FXUUHQWDQGSURSRVHGPHWKRGV
$OWKRXJK GLVFXVVLRQ RQ PDNLQJ VXVWDLQDELOLW\ D PDMRU
GHVLJQ GHFLVLRQ LV EH\RQG WKH VFRSH RI WKLV SDSHU LWV
LPSRUWDQFHLVKLJKOLJKWHGWKURXJKRXWWKHGLVFXVVLRQUHODWHGWR
FRQVLGHULQJ $0 DV D PDQXIDFWXULQJ RSWLRQ ,PSDFWV RI
SURGXFWLRQ TXDQWLW\ FRPSOH[LW\ DQG IXQFWLRQDOPDWHULDO
UHTXLUHPHQWV RQ WKH VXLWDELOLW\ RU QRW RI $0 LV GLVFXVVHG
EHORZ
&RPSDUHG WR &0 FXUUHQWO\ $0 SURFHVVHV KDYH ORQJHU
SURFHVVLQJ WLPHV GXH WR WKH OD\HU E\ OD\HU QDWXUH RI WKH
SURGXFWIDEULFDWLRQSURFHVVOHDGLQJWRORZHUSURGXFWLRQUDWHV
%XWFHUWDLQFRPSOH[GHVLJQVPD\WDNHHYHQORQJHUSURFHVVLQJ
WLPHV LI &0 SURFHVVHV XVHG GXH WR WKH QHHG IRU PXOWLSOH
SURFHVV VWHSV RU VLPSO\ EHLQJ XQDEOH WR SURGXFH GXH WR
PDQXIDFWXULQJOLPLWDWLRQV$VSUHYLRXVOLWHUDWXUH>@VWDWHVLQ
VRPHVHQVHZLWK$0SURFHVVHV WKHµFRPSOH[LW\ LV IUHH¶ LH
WKH OHYHO RI FRPSOH[LW\ RI D SURGXFW¶V GHVLJQ GRHV QRW
QHFHVVDULO\LQFUHDVHWKHFRVWRISURGXFWLRQ7KLVZRUN>@DOVR
LQWURGXFHV D D[LV PRGHO LQFOXGLQJ SURGXFW FRPSOH[LW\
FXVWRPL]DWLRQ OHYHO DQG YROXPHTXDQWLW\ <HW GXULQJ WKLV
ZRUN DORQJ ZLWK SURGXFW FRPSOH[LW\ DQG TXDQWLW\
IXQFWLRQDOPDWHULDOUHTXLUHPHQWVDVSHFWZDVIRXQGWREHPRUH
LQFOXVLYH WKDQ FRQVLGHULQJ RQO\ FXVWRPL]DWLRQ UHTXLUHPHQWV
$ SUHYLRXV ZRUN >@ VXJJHVWV D IUDPHZRUN WR HYDOXDWH
VXEMHFWLYH PHDVXUHPHQWV VXFK DV GHVLJQ FRPSOH[LW\ VSHHG
DQGDFFXUDF\RI$0SURFHVVHV
)XUWKHUPRUHLIDSURGXFWKDVIXQFWLRQDOUHTXLUHPHQWVZLWK
KLJK OHYHO RI SURGXFWWRSURGXFW FXVWRPL]DWLRQ HJ
ELRPHGLFDODSSOLFDWLRQV$0FDQEHEHWWHULQERWKHFRQRPLF
DQG HQYLURQPHQWDO VHQVHV GXH WR DYRLGDQFH RI SURGXFW
VSHFLILF WRROLQJ7KHXVHRIVWDQGDUGHTXLSPHQWDOVRHQDEOHV
IDFLOLW\VKDULQJDQG IRUPDWLRQRI MRLQWFRQVRUWLDDVGLVFXVVHG
LQSUHYLRXVOLWHUDWXUH>@
'HSHQGLQJ RQ IXQFWLRQDO UHTXLUHPHQWV $0 HQDEOHV
IHDWXUHV WR EH LQWHJUDWHG DQG KHOS HOLPLQDWH DGGLWLRQDO
FRPSRQHQWV WR VWUHDPOLQH WKH GHVLJQV E\ LPSURYLQJ
VXVWDLQDELOLW\ WKURXJKPDWHULDO DQGZHLJKW VDYLQJV 3UHYLRXV
OLWHUDWXUH>@DOVRGLVFXVVHVWKHSURFHVVRILGHQWLILFDWLRQRI
FRPSRQHQWV WREHDGGLWLYHO\PDQXIDFWXUHGDQGWKHLPSDFWRI
UHGHVLJQ RI DGMDFHQW FRPSRQHQWV IRU RSWLPL]LQJ WKH SURGXFW
GHVLJQIRUIXQFWLRQDOLW\
$V WKHVH GHFLVLRQV DUH WR EH WDNHQ DW DQ HDUO\ VWDJH RI
SURGXFW¶V OLIHF\FOH WKHUHPXVWEHDGHFLVLRQVXSSRUW WRRO WR
KHOS H[SRVH VXVWDLQDELOLW\ FRQFHUQV DQG JXLGH WKH GHVLJQHUV
WRZDUGVPRVWVXVWDLQDEOHRSWLRQV7KHUHIRUHIXWXUHZRUNZLOO
EHFDUULHGRXW WRVXJJHVWDSURJUHVVLYHSURGXFWVXVWDLQDELOLW\
FRQWHQW DQDO\VLV PHWKRG IRU WKH HDUO\ VWDJHV RI GHVLJQ DV D
GHFLVLRQ VXSSRUW WRRO ZKLFK FDQ FRPSOHPHQW WKH PRUH
KROLVWLF HYDOXDWLRQ PHWKRG LHProdSI WR EH XVHG EH\RQG
WKHILQDOVWDJHVRISURGXFWGHYHORSPHQWDVVHHQLQ)LJ


)LJ3URJUHVVLYHSURGXFWVXVWDLQDELOLW\DQDO\VLVIUDPHZRUNWRVXSSRUW
GHVLJQIRUVXVWDLQDELOLW\
2.1. Quality 
4XDOLW\ UHTXLUHPHQWV RI D SURGXFW DUH VSHFLILHG EDVHG RQ
WKH IXQFWLRQDO UHTXLUHPHQWV RI WKH SURGXFW DQG FXVWRPHU
H[SHFWDWLRQV6LQFHSURGXFWVXVWDLQDELOLW\ UHTXLUHV LPSURYLQJ
RUPDLQWDLQLQJTXDOLW\ZKLFKKDVGLUHFWLPSDFWRQ8VHVWDJH
RI SURGXFW¶V OLIH F\FOH IROORZLQJ FRQFHUQV GXH WR $0
SURFHVV OLPLWDWLRQV ZHUH LGHQWLILHG DV LPSRUWDQW PHWULFV
'HSHQGLQJ RQ WKH DSSOLFDWLRQ DQG SDUW VSHFLILFDWLRQV WKHVH
PHWULFV PXVW EH LQFOXGHG LQ WKH SURGXFW VXVWDLQDELOLW\
HYDOXDWLRQFULWHULD
6XUIDFHTXDOLW\ RI$0SURGXFWV LV IRXQG WR EH D FRQFHUQ
GXH WR WKH µULGJH HIIHFW¶ FDXVHG E\ OD\HULQJ DQG WKH EXLOG
RULHQWDWLRQ HIIHFW > @ ,PSURYHPHQWV DUH VXJJHVWHG E\
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WDNLQJILQHUGHSRVLWLRQOD\HUWKLFNQHVVLQ$0EXWDWWKHFRVW
RI FRQVLGHUDEOH LQFUHDVH RI SURGXFWLRQ WLPH 7KH FRPPRQ
DOWHUQDWLYH LV VHFRQGDU\ ILQLVK PDFKLQLQJ RQ IXQFWLRQDO
VXUIDFHVDOORZLQJVXUIDFHTXDOLW\FRPSDUDEOHWRFRQYHQWLRQDO
SURFHVVHV 6XVWDLQDELOLW\ DQDO\VLV PXVW WKHUHIRUH DOVR WDNH
SRVWSURFHVVHV¶VXVWDLQDELOLW\LPSDFWLQWRDFFRXQW
0HWDO$0SURGXFWV¶PHFKDQLFDOSURSHUWLHVVXFKDVVWUHVV
VWUDLQ GXFWLOLW\ IDWLJXH SURSHUWLHV DQG PLFURVWUXFWXUH KDYH
EHHQVWXGLHGH[WHQVLYHO\LQWKHOLWHUDWXUH>@DQGKDYH
EHHQIRXQGWRH[KLELWPRUHGLUHFWLRQDOSURSHUWLHVFRPSDUHGWR
&0 SDUWV 7KH ZRUN IXUWKHU H[SODLQV WKH XVH RI SRVW KHDW
WUHDWPHQWSURFHVVHVWRLPSURYHWKHPHFKDQLFDOSURSHUWLHVWRD
OHYHO FRPSDUDEOH WR RU EHWWHU WKDQ WKH &0 SDUWV 7KXV
XQGHUVWDQGLQJ WKH VXVWDLQDELOLW\ LPSDFW RI SRVWSURFHVVHV
EHFRPHVH[WUHPHO\LPSRUWDQW
3URGXFW6XVWDLQDELOLW\,QGH[ProdSIPHWKRG
5HFHQWZRUN>@SURSRVHGDQHZProdSIPHWKRGRORJ\IRU
FRPSUHKHQVLYHDVVHVVPHQWRISURGXFWVXVWDLQDELOLW\6KXDLEHW
DO >@ FRPSUHKHQVLYHO\ UHYLHZHG WKH VWDWHRIDUW LQ SURGXFW
VXVWDLQDELOLW\ HYDOXDWLRQ PHWKRGV DQG LGHQWLILHG WKHProdSI
PHWKRG WR EH DPRUH H[KDXVWLYHPHWKRG WKDQ DOO SUHYLRXVO\
HVWDEOLVKHG PHWKRGV GXH WR LWV FRQVLGHUDWLRQ RI DOO IRXU
SURGXFW OLIH F\FOH VWDJHV WR HQDEOH WRWDO VXVWDLQDELOLW\
HYDOXDWLRQ DQG WKH HDUOLHU ZRUN RQ 6R SULQFLSOHV UHGXFH
UHXVHUHF\FOHUHFRYHUUHGHVLJQDQGUHPDQXIDFWXUH>@
7KH ProdSI PHWKRG XVHV D ILYHVWHS KLHUDUFKLFDO SURFHVV
ERWWRP WR WRS DV LQGLYLGXDO PHWULFV VXEFOXVWHUV FOXVWHUV
VXELQGLFHV EDVHGRQ7%/DQGXOWLPDWHO\ WKHProdSI YDOXH
DV VKRZQ LQ )LJ  $VVHVVPHQW LV GRQH XVLQJ ERWWRPXS
SURFHGXUHVWDUWLQJZLWKPHWULFPHDVXUHPHQWVRIHDFKSURGXFW
WKHQ QRUPDOL]LQJ WKH PHDVXUHPHQWV WR HQDEOH DJJUHJDWLRQ
ZLWK GLIIHUHQW W\SHV RI PHDVXUHPHQWV 1RUPDOL]HG GDWD LV
JLYHQ ZHLJKWDJH GHSHQGLQJ RQ WKHLU UHODWLYH LPSRUWDQFH WR
VXVWDLQDELOLW\ DQG WKHQ DJJUHJDWHG LQWR VXEFOXVWHUV 6XE
FOXVWHU GDWD LV DJDLQ JLYHQ DZHLJKWDJH IDFWRU GHSHQGLQJ RQ
UHODWLYHLPSRUWDQFHDQGDJJUHJDWHGWRFOXVWHUOHYHOZKLFKDUH
WKHQJLYHQ FOXVWHUZHLJKWDJH IDFWRUV DQGDJJUHJDWHG LQWR WKH
WKUHH VXELQGLFHV 7KH WKUHH VXELQGLFHV RI (FRQRP\
(QYLURQPHQWDQG6RFLHW\DUHJLYHQDZHLJKWDJHIDFWRURI
HDFK DQG WKH GDWD LV WKHQ DJJUHJDWHG WR REWDLQ WKH ILQDO
ProdSIVFRUHIRUHDFKSURGXFWFRPSRQHQW
3.1. Selection of metrics 
,QDGGLWLRQ WR WKHPHWULFVGLUHFWO\VSHFLILHG LQ WKHProdSI
PHWKRG QXPEHU RI PHWULFV LQ WKH IUDPHZRUN DUH VHW DV
SURGXFWVSHFLILF 'XULQJ WKH FDVH VWXG\ SUHVHQWHG LQ WKLV
SDSHU UHOHYDQW PHWULFV ZHUH FDUHIXOO\ VHOHFWHG WR SURYLGH D
IRFXV RQ WKH LPSDFW RI VXVWDLQDELOLW\ GXH WR $0 DQG &0
SURFHVVHV
3.2. Normalization 
1RUPDOL]DWLRQRIGLIIHUHQWPHWULFYDOXHVZDVGRQHVLPLODU
WR WKH SUHYLRXV ZRUN >@ 'LIIHUHQW PHWULF YDOXHV ZHUH
QRUPDOL]HG WR D VFDOH RI  WR  ZKHUH  EHLQJ WKH OHDVW
VXVWDLQDEOHDQGEHLQJWKHPRVWVXVWDLQDEOHRSWLRQ

)LJProdSIVXELQGLFHVDQGFOXVWHUV
3.3. Weightage and aggregation 
$JJUHJDWLRQ RI ZHLJKWHG PHWULFV DFURVV VXEFOXVWHUV
FOXVWHUVDQGVXELQGLFHVWRXOWLPDWHO\REWDLQWKHProdSIYDOXH
ZDV FDUULHG RXW VLPLODU WR WKH SUHYLRXVO\ HVWDEOLVKHG
SURFHGXUH>@
ܲݎ݋݀ܵܫ ൌ
ͳ
͵
ሺܧܿ ൅ ܧݒ ൅ ܵܿሻ

ܲݎ݋݀ܵܫ ൌ
ͳ
͵
ሺ෍ݓ௜௖ܥ௜ ൅෍ݓ௜௖ܥ௜ ൅෍ݓ௜௖ܥ௜
ଵଷ
௜ୀଽ

଼
௜ୀସ

ଷ
௜ୀଵ


ܥ௠ ൌ ෍ܵܥ௝ݓ௝௦௖׊݆

ܵܥ௡ ൌ ෍ܯ௞ݓ௞௠׊݆

Ec6XELQGH[VFRUHIRUHFRQRPLFLPSDFW
Ev6XELQGH[VFRUHIRUHQYLURQPHQWDOLPSDFW
So6XELQGH[VFRUHIRUVRFLHWDOLPSDFW
wic:HLJKWLQJIDFWRUIRUWKHi-WKFOXVWHU
wjsc:HLJKWLQJIDFWRUIRUWKHj-WKVXEFOXVWHU
wkm:HLJKWLQJIDFWRUIRUWKHk-WKPHWULF
Cm6FRUHIRUm-WKFOXVWHU
SCn6FRUHIRUWKHn-WKVXEFOXVWHU
Mk6FRUHIRUWKHk-WKPHWULF
&DVHVWXG\$SSOLFDWLRQRIProdSIIRU$0
$FDVHVWXG\ZDVFRQGXFWHGDWFRPSRQHQWOHYHOWRLGHQWLI\
WKH VXVWDLQDELOLW\ FRQWHQW RI GLIIHUHQW FRPSRQHQW YDULDWLRQV
DQG H[SORUH LI DGGLWLYH PDQXIDFWXULQJ FDQ EH D PRUH
VXVWDLQDEOHDOWHUQDWLYHWRFRQYHQWLRQDOPDQXIDFWXULQJSURFHVV
4.1. Components selected for the case study 
$PHFKDQLFDO FRPSRQHQW XVHG LQ D FRQVXPHU HOHFWURQLFV
SURGXFW¶V LQWHUQDO OHYHU PHFKDQLVP ZDV LGHQWLILHG DV D
SRWHQWLDO FDQGLGDWH IRU WKH FDVH VWXG\ $ VLPSOLILHG YHUVLRQ
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)ODWGHVLJQVKRZQLQ)LJRIWKHFRPSRQHQWZDVGHVLJQHG
IRUHDVHRIIDEULFDWLQJXVLQJ&0PHWKRGV7KHFRPSRQHQWLQ
WKHSURWRW\SHSURGXFWDVVHHQLQWKH)LJKDVGLPHQVLRQDO
' FRPSOH[ IHDWXUHV ,W LV FXUUHQWO\ PDGH XVLQJ PHWDO
DGGLWLYHPDQXIDFWXULQJSURFHVVHVIRUSURWRW\SLQJSXUSRVHV
7KH FDVH VWXG\ DQDO\VLV ZDV GRQH RQ IRXU FRPSRQHQW
YDULDWLRQV SDUW PDGH IRU SURWRW\SH SURGXFW DQG  ILFWLRQDO
YDULDWLRQV7KHVLPSOLILHGIODWGLPHQVLRQDO'GHVLJQZDV
WDNHQDVWKHEDVHGHVLJQ)LJ7KHYHUVLRQP1-CMZDVWKH
YDULDWLRQ PDGH XVLQJ FRQYHQWLRQDO PDQXIDFWXULQJ PHWKRGV
IRUJLQJ P1-AM ZDV WKH DGGLWLYHO\ PDQXIDFWXUHG ZLWK
ILQLVKPDFKLQLQJYHUVLRQRIWKHVDPHIODWGHVLJQDVP1-CM.
7KH SURWRW\SH¶V FRPSRQHQW GHVLJQ ZDV WDNHQ DV WKH QG
GHVLJQ ZKLFK KDV FRPSOH[ ' IHDWXUHV IRU LQWHJUDWHG
IXQFWLRQDOLW\ 7KH ' YHUVLRQ PDGH XVLQJ FRQYHQWLRQDO
PDQXIDFWXULQJ PHWKRGV IRUJLQJ DQG PDFKLQLQJ ZDV
LGHQWLILHG DV P2-CM 7KH DFWXDO FRPSRQHQW IURP WKH
SURWRW\SHSURGXFWDGGLWLYHO\PDGHZLWKILQLVKPDFKLQLQJLQ
'ZDVLGHQWLILHGDVP2-AM. 


)LJ%DVLFIODWGHVLJQIRUSDUWVP1-CMDQGP1-AM
7KHEDVLFIXQFWLRQRI WKHVHOHFWHGSDUW LV WRDFWDVD OHYHU
EHWZHHQ WZR PRYLQJ PHFKDQLVPV +HQFH VWUHQJWK DQG
ULJLGLW\RI WKHSURGXFWZHUH WZRRI WKHPDLQFRQFHUQV)RUD
JLYHQ PDWHULDO W\SH &REDOW &KURPLXP DOOR\Co-30Cr-5Mo
ZDV WDNHQ DV LW ZDV WKHPDWHULDO RI RULJLQDO FRPSRQHQWP2-
AM WKLFNQHVV LV D PDMRU IDFWRU LQ VWUXFWXUDO ULJLGLW\ 7KH
ULJLGLW\UHTXLUHPHQWZDVVDWLVILHGLQWKHDGYDQFHG'GHVLJQ
P2-CM	P2-AMXVLQJIOXWHGULGJHGHGJHV7KLVLPSURYHG
PDWHULDO XWLOL]DWLRQ E\ KDYLQJ UHGXFHG FHQWHU WKLFNQHVV
FRPSDUHG WR WKH EDVLF IODW GHVLJQ P1-CM 	 P1-AM 7KH
EDVLF IODW GHVLJQ ODFNHG WKH ' IHDWXUHVSUHVHQW LQ DGYDQFHG
GHVLJQ7KHVHIHDWXUHVLPSURYHGIXQFWLRQDOLW\RI'GHVLJQE\
LQWHJUDWLQJ DGGLWLRQDO IXQFWLRQV VXFK DV VSULQJ PRXQW
DWWDFKPHQW



)LJ3DUWIURPWKHSURWRW\SHSURGXFWP2-AM
'HVLJQ FRPSOH[LW\ RIP1-CM DQGP1-AMZHUH WKH VDPH
DQG VLQFH WKH\ZHUH IODW ' LQ GHVLJQ KDG D ORZHU GHVLJQ
FRPSOH[LW\ ,QFRPSDULVRQP2-CM DQGP2-AMKDGDKLJKHU
GHVLJQFRPSOH[LW\GXHWRWKH'GHVLJQIHDWXUHV
)RU WKHFDVH VWXG\TXDQWLW\ UHTXLUHPHQW IRU HDFKSURGXFW
YDULDWLRQZDVDVVXPHGWREHXQLWV
4.2. Product sustainability evaluation using ProdSI method 
7KH IRXU YDULDWLRQV ZHUH DQDO\]HG E\ FRQVLGHULQJ 
LQGLYLGXDOPHWULFVLQWKHProdSIIUDPHZRUNGHYHORSHG0HWULF
OHYHO VFRUHV ZHUH JLYHQ WR HDFK YDULDWLRQ DQG VXEVHTXHQW
VFRUHV ZHUH FDOFXODWHG DW VXEFOXVWHU FOXVWHU DQG VXELQGH[
OHYHOVXVLQJWKHHDUOLHUGLVFXVVHGQRUPDOL]DWLRQDQGZHLJKWHG
DJJUHJDWLRQ SURFHGXUHV OHDGLQJ WR WKH XOWLPDWHProdSI VFRUH
IRUHDFKYDULDWLRQ'XHWRVSDFHFRQVWUDLQWVRQO\DSDUWRIWKH
GHYHORSHGPHWULFVV\VWHPLVSUHVHQWHGLQ7DEOH
7DEOH3RUWLRQRIProdSIHYDOXDWLRQIRUWKHFDVHVWXG\
)LQDOProdSI6FRUHV
6XE,QGH[/HYHO &OXVWHU/HYHO
6XE
,QGH[
:BVL
:HLJKW
:HLJKWHG6FRUHV
&OXVWHU :LBF:HLJKW
:HLJKWHG6FRUHV
3
&0
3
$0
3
&0
3
$0
3
&0
3
$0
3
&0
3
$0
3
&0
3
$0
3
&0
3
$0
   
(
FR
QR
P
\
    
,QLWLDOLQYHVWPHQW     
'LUHFWLQGLUHFWFRVWV	
RYHUKHDGV     
%HQHILWVDQGORVVHV     
(
QY
LU
RQ
P
HQ
W
    
0DWHULDOXVH	(IILFLHQF\     
(QHUJ\XVH	HIILFLHQF\     
2WKHUUHVRXUFH     
:DVWHV	HPLVVLRQV     
3URGXFW(2/     
6R
FL
HW
\
    
3URGXFWTXDOLW\	
GXUDELOLW\     
)XQFWLRQDOSHUIRUPDQFH     
3URG(2/PDQDJHPHQW     
3URGXFWVDIHW\	KHDOWK
LPSDFW     
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5HVXOWVDQGGLVFXVVLRQ
)URP )LJ  LW LV HYLGHQW WKDWP1-CM KDV D FRQVLGHUDEO\
KLJKHU VFRUH LQ (FRQRP\ VXELQGH[ FRPSDUHG WR WKH $0
FRPSRQHQW P1-AM KLJKHU VFRUHV LQGLFDWH KLJKHU
VXVWDLQDELOLW\ 7KLV LV H[SHFWHG DV FRVWV UHODWHG WR$0 DUH
FRPSDUDEO\KLJKHUGXHWRKLJKHUFDSLWDOFRVWVLQYROYHGDORQJ
ZLWKFRQVLGHUDEO\ORZSURGXFWLRQFRVWDQGKLJKHUSURGXFWLRQ
UDWH LQYROYHG ZLWK &0 RI WKH EDVLF ' GHVLJQ 6LQFH WKH
%HQHILWV DQG ORVVHV FOXVWHU LQFOXGHV PHWULFV VXFK DV 6DOHV
SULFHDQG3URILWP1-CMJDLQVDKLJKHUDGYDQWDJH$VIRUWKH
'GHVLJQ P2-CM DQGP2-AMZKHUHDFRPSOH[ LQWHJUDWHG
SDUWPD\EH D QHFHVVLW\ )LJ  VKRZV WKHUH LV RQO\ DPLQRU
GLIIHUHQFH LQ WKLV VXELQGH[ 0DLQO\ GXH WR ODERU FRVW DQG
PDWHULDO FRVW DGYDQWDJH P2-AM VFRUHV EHWWHU LQ WHUPV RI
'LUHFWLQGLUHFW FRVWV DQGRYHUKHDGV FOXVWHU HQDEOLQJ D EHWWHU
RYHUDOOHFRQRP\VXELQGH[VFRUHFRPSDUHGWRP2-CM.6LQFH
WKH'GHVLJQZRXOG UHTXLUHSUHFLVLRQPDFKLQLQJ&0 ORVHV
WKHHGJHLQFRVWHIIHFWLYHQHVVLQP2-CM’sFRPSOH['GHVLJQ
ZKLFKHQDEOHGP1-CMDFRQVLGHUDEOHOHDGLQWKH%HQHILWVDQG
ORVVHVFOXVWHU
(QYLURQPHQWDO VXELQGH[ VFRUHV VKRZQ LQ)LJ UHIOHFW D
EHWWHURYHUDOOSHUIRUPDQFH LQVXEFOXVWHUV UHODWHG WR0DWHULDO
DQGUHVRXUFHXVHHIILFLHQF\ZKLFKLQFOXGHVWKHPHWULFV7RWDO
SURGXFW PDWHULDO XVH DQG 0DWHULDO XWLOL]DWLRQ ERWK $0
FRPSRQHQWV KDYH EHWWHU HQYLURQPHQWDO VXVWDLQDELOLW\
SHUIRUPDQFH(VSHFLDOO\LQDFDVHZKHUHDFRPSOH[GHVLJQLV
QHHGHGP2-AMVKRZVDFRQVLGHUDEO\EHWWHUHQYLURQPHQWVXE
LQGH[ VFRUH FRPSDUHG WR P2-CM GXH WR WKH KLJK VFUDS
PDWHULDOSURGXFHGGXULQJ&0¶VPDFKLQLQJRILQWULFDWHVKDSHV
RI WKH ' SDUW 0DLQO\ WKH0DVV RI ZDWHU XVHG PHWULF ZDV
FRQVLGHUHG IRU 2WKHU UHVRXUFH XVH DQG HIILFLHQF\ FOXVWHU
ZKLFK HQDEOHG $0 FRPSRQHQWV WR VFRUH KLJKHU ,I PRUH
GHWDLOV DUH DYDLODEOH RQ RWKHU QDWXUDO UHVRXUFHV XVH GXULQJ
HDFK PDQXIDFWXULQJ SURFHVV WKH VFRUHV ZLOO EH FKDQJHG
:DVWHV DQG HPLVVLRQV FOXVWHU ZKLFK FRQVLGHUVPHWULFV VXFK
DV0DVVRIVROLGZDVWH'LVSRVHGKD]DUGRXVOLTXLGZDVWHDQG
1RLVH HPLVVLRQV DOVR KHOSHG LPSURYLQJ (QYLURQPHQW VXE
LQGH[ VFRUHV RI $0 FRPSRQHQWV $0 SURGXFWV (QGRI/LIH
(2/ LVRQH DUHDZKHUHPRUH UHVHDUFKQHHGV WR EHGRQH LQ
RUGHU WR XQGHUVWDQG WUXH VXVWDLQDELOLW\ FRQFHUQV %XW GXH WR
$0¶V FDSDELOLWLHVSRWHQWLDO RI UHSDLU DQG UHPDQXIDFWXULQJ RI
FRPSRQHQWV WKH WZR$0 FRPSRQHQWV P1-AM DQGP2-AM
VFRUHGVOLJKWO\KLJKHUVFRUHV
6RFLHW\ VXELQGH[ VFRUHV )LJDUH IDLUO\ VLPLODU IRUDOO
FRPSRQHQWV VHOHFWHG ,Q WKH )XQFWLRQDO SHUIRUPDQFH FOXVWHU
ERWK ' FRPSRQHQWV ZRXOG SHUIRUP VLPLODU DQG ERWK '
FRPSRQHQWVZRXOGDOVRSHUIRUPDOLNH,QWKHLQGLYLGXDOPHWULF
&RPSOLDQFH ZLWK WROHUDQFHV WKH &0 SURGXFWV JHQHUDOO\
VFRUHG EHWWHU FRPSDUHG WR $0 FRPSRQHQWV 2Q WKH RWKHU
KDQG PRUH FRPSOH[ ' GHVLJQV HDUQHG EHWWHU VFRUHV LQ
)XQFWLRQDOHIIHFWLYHQHVVDQG(DVHRIDVVHPEO\PHWULFVGXHWR
WKHLU LQWHJUDWHG IXQFWLRQDOLWLHV 7KH &0 YDULDWLRQV¶ RYHUDOO
6RFLHW\ VXELQGH[ VFRUHV DUH VOLJKWO\ KLJKHU PDLQO\ GXH WR
EHWWHUVFRUHVLQWKHSURGXFW(QGRI/LIHPDQDJHPHQWFOXVWHU
ZKLFK PDLQO\ LQFOXGHV WKH PHWULF (DVH RI (2/ SURGXFW
UHFRYHU\ $V QRWHG WKLV LV DQ DUHD ZKHUH $0 FRPSRQHQWV
ODFN VSHFLILF GDWD IRU SURSHU HYDOXDWLRQ :LWK FRQWLQXHG
UHVHDUFKDQGEURDGHUDSSOLFDWLRQVLQLQGXVWU\RI$0SURGXFWV
PRUHDFFXUDWHVXVWDLQDELOLW\HYDOXDWLRQVZRXOGHPHUJHLQWKH
IXWXUH IRU TXDQWLWDWLYH FRPSDULVRQV ZLWK &0 SURGXFWV ,W LV
DOVR H[SHFWHG WKDW WKH DFWLYH GHSOR\PHQW RI 5 SULQFLSOHV
LQYROYLQJ SURGXFW UHFRYHU\ UHXVH DQG UHPDQXIDFWXULQJ
DFWLYLWLHVZLOO QDWXUDOO\ HQIRUFH WKH QHHG IRU FRQVLGHULQJ WKH
(2/ RSWLRQV IDU PRUH ULJRURXVO\ DQG HIIHFWLYHO\ ZLWK WKH
RYHUDOOOLIHF\FOHEHQHILWV
$V VKRZQ LQ 7DEOH  LQ WHUPV RI WKH RYHUDOO SURGXFW
VXVWDLQDELOLW\VFRUHVP1-CMKDVKLJKHUVFRUHFRPSDUHG
WR WKH $0 DOWHUQDWLYHP1-AM ZLWK VFRUH RI  %XW LQ DQ
DSSOLFDWLRQZKHUHFRPSOH['LQWHJUDWHGGHVLJQVXFKDV3DUW
LVDQHFHVVLW\WKLVVKRZVWKDWWKH$0FRPSRQHQWP2-AM
ZLOOEHWKHPRUHVXVWDLQDEOHRSWLRQZLWKKLJKHUProdSIVFRUH
RI  FRPSDUHG WR WKH &0 DOWHUQDWLYH P2-CM ZLWK WKH
VFRUHRI


)LJ(FRQRP\VXELQGH[VFRUHVIRUHDFKFRPSRQHQW


)LJ(QYLURQPHQWVXELQGH[VFRUHVIRUHDFKFRPSRQHQW


)LJ6RFLHW\VXELQGH[VFRUHVIRUHDFKFRPSRQHQW




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&RQFOXVLRQVDQGIXWXUHZRUN
$VLGHQWLILHGLQHDUOLHUVHFWLRQVGXHWRLQKHUHQWGLIIHUHQFHV
LQ $0 FRPSDUHG WR &0 VXVWDLQDELOLW\ RI SURGXFWV
PDQXIDFWXUHG E\ HDFKPHWKRGZLOO DOVR EH GLIIHUHQW ,Q WKLV
ZRUNProdSIPHWKRGZDVXVHGWRHYDOXDWHWKHWRWDOOLIHF\FOH
VXVWDLQDELOLW\ RI SURGXFWV PDGH ZLWK $0 DQG &0 $V
SUHYLRXVO\ PHQWLRQHG WKH XVH RI DQ H[WHQVLYH HYDOXDWLRQ
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